ABSTRACT DNA sequence data from a variety of mitochondrial and nuclear gene regions are signiÞcant components of phylogenetic research in entomology. Polymerase chain reaction (PCR) ampliÞcation primers for many gene regions have been developed that are speciÞc to a range of dipteran groups. Here, we review the existing Diptera-speciÞc PCR ampliÞcation primers that have been published for 11 mitochondrial and nuclear gene regions: 12S small ribosomal subunit, cytochrome b, cytochrome oxidase c subunit I, 28S ribosomal RNA, alanyl-tRNA synthetase, the carbamoyl phosphate synthase region of CAD, elongation factor-1␣, 6-phosphogluconate dehydrogenase, triose phosphate isomerase, white, and wingless. We also have designed in total 94 new PCR ampliÞcation primers for use in these same gene regions. Our new primers have been developed and tested using our DNA sequence database of Ͼ1,600 specimens representing 40 families of Diptera. All of the past and newly developed primer sequences are presented in tables, and their locations are shown on gene maps. This combined data will facilitate future molecular phylogenetic research within Diptera.
The most recent review of published, DNA sequencebased, phylogenetic studies of insects (Caterino et al. 2000) lists a large number of studies using a broad range of target taxa and gene regions. In the time since the publication of this review, many more papers have been published that use many different gene regions to study relationships between a variety of taxa. Although some of these studies include the development of new, taxon-speciÞc polymerase chain reaction (PCR) ampliÞcation primers, many rely on existing, published primers. These existing primers, however, may not be appropriate for the taxa being investigated and may lead to inefÞciency or sequencing failure.
Generally, the primers used to generate DNA sequence data were developed for use in groups of insects other than those that are the focus of the new study. For these primers to be of use in sequencing taxa that have never before been sequenced, universal primers are a necessity. Universality takes the form of oligonucleotide degeneracy or an acceptable level of oligonucleotide mismatch. Both situations can make the ampliÞcation and sequencing of target gene regions extremely difÞcult, if not impossible. Degenerate primers can produce nonspeciÞc ampliÞcation, multiplex PCR product, and the necessity of isolating the desired PCR product before sequencing. Although new techniques exist (Ma and DiFazio 2008, Gibson et al. 2010a ) to facilitate the isolation of desired PCR products from multiplex PCR products, these methods require additional time and money. Also, when degeneracy is included in a primer sequence, each different possible version of the primer sequence is produced and included in the manufactured product. This can lead to an exponential increase in the number of primer sequences present in the PCR reaction. For example, a manufactured primer oligonucleotide sequence containing four NЈs and three YÕs would actually consist of 2,048 different nucleotide sequences, only one of which would match the genomic template DNA sequence. This leads not only to a greatly reduced concentration of the correctly matching primer but also a disruption in reaction kinetics as genomic template primer locations are blocked by poorly matching versions of the primer. Primers with less degeneracy, but developed for distantly related groups, often lead to sufÞcient nucleotide mismatch to result in ampliÞcation failure.
Another consideration is the condition of the specimen from which DNA is being extracted. In molecular phylogenetic research, the specimens being used may not have been prepared or stored under optimal conditions. These conditions may have lead to degradation and fragmentation of genomic DNA. In these instances, a number of alternate primer pairs may be necessary to amplify and sequence the target gene region in smaller segments.
Due to the potential problems introduced by overly degenerate or mismatched primers and the necessity for primers located throughout the length of target gene regions, a variety of taxon-speciÞc primers are essential. In the case of Diptera, many primers are used time and time again despite the fact that they were designed originally for use in nondipteran taxa. These primers are often not adequate to amplify and sequence target gene regions in dipteran taxa, leading to considerable frustration and waste. Diptera-speciÞc primers for a variety of gene regions are needed to reduce time and effort spent and to increase sequencing success in molecular phylogenetic research.
Our purpose is to review unique PCR ampliÞcation primers that have been developed and published as part of research on Diptera phylogenetics. We have chosen eleven gene regions that include the most commonly sequenced gene regions as well as some that have only recently been developed. These gene regions are small ribosomal subunit (12S), cytochrome b (Cytb), cytochrome oxidase c subunit I (COI), 28S ribosomal RNA (28S), alanyl-tRNA synthetase (AATS), the carbamoyl phosphate synthase region of CAD (CAD), elongation factor-1␣ (EF-1␣), 6-phosphogluconate dehydrogenase (PGD), triose phosphate isomerase (TPI), white, and wingless. To the list of existing primers, we seek to add our own newly designed primers that will provide further options to future researchers that wish to amplify a given gene region for their own dipteran target taxa. We intend to provide sufÞcient primer alternatives, both old and new, such that any of these eleven gene regions could be ampliÞed and sequenced in any future molecular phylogenetic research involving Diptera.
Materials and Methods
We surveyed the scientiÞc literature to identify unique PCR ampliÞcation primers developed as a part of phylogenetic research involving Diptera. Primers that were different from past primers by at least one nucleotide were included in both primer tables and 1  1  1  1  1  Sphaeroceridae  26  22  24  23  18  2  1  0  1  1  1  Strongylophthalmyiidae  2  1  2  2  2  2  2  1  2  2  2  Syringogastridae  1  0  0  1  1  1  1  1  1  1  1  Syrphidae  44  39  44  40  32  39  1  1  1  1  1  Tachinidae  1  0  1  1  0  1  0  0  0  0  0  Tanypezidae  1  0  1  1  1  1  1  1  1  1  1  Tephritidae  1  1  1  1  1  1  1  1  0  0  0  Therevidae  1  0  1  1  0  1  0  0  0  0  0  Total no. specimens included  319  182  298  193  189  215  44  35  36  36  72  Total no. families included  40  17  39  40  24  39  23  22  21  21  23 gene maps for each gene region. We noted primers that were developed to be species-speciÞc sequencing primers but did not include them in primer tables or maps. In a very few cases, we included primers that were developed as part of non-Diptera research, but that have been used extensively in Diptera molecular phylogenetics. We also analyzed 1619 DNA sequences obtained for eleven gene regions (Table 1) . These sequences were obtained as a part of ongoing phylogenetic research on a number of families of Diptera. The sequence data set included representatives of 40 families of Diptera from across Brachycera (Table 1) . Although several other gene regions (e.g., 16S ribosomal DNA, 18S ribosomal DNA, cytochrome oxidase c subunit II, and the internal transcribed spacers I and II) have been used in phylogenetic research in the past, they are not included in the current study. We did not have sufÞcient numbers of sequences from these gene regions in our database to generate alignments and new primer sequences.
All DNA sequences from all ßy families available (Table 1) for a given gene region were compiled into a single alignment. Using these alignments, we located small nucleotide sequences that were conserved across the diversity of the sequences included. These candidate primer locations are exact matches, when degenerate sites are included, for all of the taxa included in the alignment. We sought to develop primers that are as Brachycera-speciÞc as possible with a minimum of degeneracy. Overall, we also sought to locate potential primers that would, in combination with other new or existing primers, allow ampliÞcation and sequencing of each gene region in 500 Ð1,000-bp segments.
Naming of all of the primers we have developed follows a common convention: an abbreviation of the name of the gene region ampliÞed, followed by "Dipt" for Diptera-speciÞc, followed by a location number corresponding to the 3Ј-most base of the primer compared with a published DNA sequence, followed by F or R for forward or reverse primers, respectively (e.g., 28S-Dipt-3385 F). Although we have not adopted the J and N naming system suggested by Simon et al. (1994) , we do include J and N designations in our tables for primers of mitochondrial gene regions. The DNA sequence used to determine the location number within each name varies with the gene region in question.
Results and Discussion
Existing and newly developed primers for each gene region are summarized in Tables 2Ð12. In each table, the name as provided in the original reference, sequence, length, direction, and original reference is The 3Ј location is based on published D. yakuba sequence (Clary and Wolstenholme 1985) . Direction F, forward; R, reverse (J, majority; N, minority as per Simon et al. 1994) . Sequences in bold are newly developed for this study.
a Sequences from Simon et al. (1994 Simon et al. ( , 2006 are those matching Drosophila without any degeneracy.
included for each existing primer. We have also included our newly developed primers, named according to our naming system. We have calculated the location of each primer based on a previously published gene region map. For each primer, existing or newly developed, we have given an approximation of the breadth of taxa for which the primer was developed. In existing primers, this is based on the information given in the original reference and ranges from genus-speciÞc to universal (i.e., primers developed for use in Diptera plus other Insecta). For new primers, the breadth of taxa is determined by the diversity of specimens included in the sequence database used to develop the primers (Table 1 ). All newly developed primers, except two developed for wingless, are developed to be useful across all Brachycera. 12S. In their compendium of primers useful in amplifying animal mitochondrial DNA, Simon et al. (1994) included eight unique primers that they had matched with the 12S region of the published Drosophila yakuba Burla sequence (Clary and Wolstenholme 1985) . Four more primers were added in their later animal mitochondrial compendium (Simon et al. 2006) . Two modiÞed primers were designed for use across insects and ticks (Kambhampati and Smith 1995) . Five unique 12S primers were designed for use in a population dynamics study of Drosophila (Drosophilidae) (Jenkins et al. 1996) . One additional primer was developed as part of a study of the phylogenetics of Simuliidae (Moulton 2000) . Five unique 12S primers were developed in a study on the phylogeny of Tephritoidea (Han and Ro 2005) . Oliveira et al. (2005) designed two more primers for use in a study of a Drosophila species complex.
We have developed two new 12S primers. The naming of our new primers is based on the published mitochondrial genome of D. yakuba (Clary and Wolstenholme 1985) . In total, 29 primers are listed and mapped ( Fig. 1; Table 2 ). The entire length of the 12S gene region (Ϸ800 bp) can be sequenced using existing primers. The actual length of segments ampliÞed The 3Ј location based on published D. yakuba sequence (Clary and Wolstenholme 1985) . Direction F, forward; r, reverse (J, majority; N, minority as per Simon et al. 1994) . Sequences in bold are newly developed for this study.
a Sequences from Simon et al. (1994 Simon et al. ( , 2006 are those matching Drosophila without any degeneracy. The 3Ј location based on published D. yakuba sequence (Clary and Wolstenholme 1985) . Direction F, forward; R, reverse (J, majority; N, minority as per Simon et al. 1994) . Sequences in bold are newly developed for this study.
a Sequences from Simon et al. (1994 Simon et al. ( , 2006 are those matching Drosophila without any degeneracy. and sequenced will vary across taxa due to expansion segments within the gene region. Cytb. Simon et al. (1994) presented eight primers that could be used to amplify the Cytb gene region across Animalia. Their later update (Simon et al. 2006) added six more primers. Gasparich et al. (1995) designed three unique Cytb primers as part of a project to sequence the mitochondrial DNA of Ceratitis capitata (Wiedemann) (Tephritidae). A phylogeographic study of Psychodidae (Ready et al. 1997 ) included one unique Cytb primer. Although working on triatomine bugs (Hemiptera: Reduviidae), Lyman et al. (1999) designed six primers for the Cytb region based on GenBank sequences of three Diptera species plus the sequences of a bee, a locust, and a crustacean. In another molecular phylogenetic study of Psychodidae, Esseghir et al. (2000) presented a new primer. While developing molecular markers for Old World populations of Chrysomya (Calliphoridae), Hall et al. (2001) developed four unique primers. Two more Cytb primers were developed as part of population genetics studies of Psychodidae and Culicidae (Hodgkinson et al. 2002) . Analyses of the population genetics of Anopheles (Cellia) included four unique primers speciÞc to Culicidae as well as several primers speciÞc to individual Cytb haplotypes (Dusfour et al. 2004 , Dusfour et al. 2007 . A study of invasive species of Tipulidae included two unique Cytb primers (Rao et al. 2006) .
We have developed Þve new primers for the Cytb gene region. The naming is based on the published mitochondrial genome of D. yakuba (Clary and Wolstenholme 1985) . In total, 42 primers are listed and mapped ( Fig. 2; Table 3 ). The entire length of the gene region (Ϸ1035 bp) can be sequenced using the listed primers. There are no known introns within the Cytb gene region.
COI. A COI primer designed using Diptera sequence data were Þrst developed by Roehrdanz (1993) . Folmer et al. (1994) designed what are now considered the "barcoding region primers," perhaps the two most commonly used COI primers for use across Metazoa. They were developed using Drosophila (Drosophilidae) and Anopheles (Culicidae) sequences among others. Research on forensically important species of Calliphoridae (Sperling et al. 1994; Sperling 1999, 2001; Chen et al. 2004; Nelson et al. 2007; Park et al. 2009 ) has introduced nineteen The 3Ј location based on published D. melanogaster sequence . Direction F, forward; R, reverse. Sequences in bold are newly developed for this study.
a Reverse-complement versions of these primers have been published with the same location and opposite direction. The 3Ј location based on published D. melanogaster sequence (Adams et al. 2000) . Direction F, forward; R, reverse. Sequences in bold are newly developed for this study. unique COI primers. Simon et al. (1994) included eleven COI primers in their compendium of mitochondrial insect primers; their later compendium (Simon et al. 2006 ) added six more unique primers. Two modiÞed primers were designed for use across insects and ticks (Kambhampati and Smith 1995) . Palumbi (1996) added two COI primers, modiÞed to suit Drosophila (Drosophilidae) sequences, in his book chapter on PCR. Ten unique COI primers were tested across Insecta, including six Diptera species, by Lunt et al. (1996) . Three COI primers were deemed to be useful across invertebrates, including Drosophila The 3Ј location based on published D. melanogaster sequence (Freund and Jarry 1987) . Direction F, forward; R, reverse. Sequences in bold are newly developed for this study.
melanogaster Meigen, by Zhang and Hewitt (1997) . One unique primer was developed for use in Drosophila species phylogenies (Gleason et al. 1997) . Nine additional COI primers were developed in studies of the phylogenetics of Agromyzidae and Fergusoninidae (Scheffer and Wiegmann 2000 , Scheffer et al. 2004 , Winkler et al. 2009 ). In a pair of papers investigating the Muscoidea, Bernasconi et al. (2000a,b) introduced unique primers. A study of the systematics of Chironomidae included one COI primer (Guryev et al. 2001) . As part of a comparison of molecular evolution between parasitic Diptera and parasitic Hymenoptera, including representatives of 14 dipteran families, Castro et al. (2002) developed two COI primers. The 3Ј location based on published D. melanogaster sequence (Hovemann et al. 1988) . Direction F, forward; R, reverse. Sequences in bold are newly developed for this study.
Three analyses of the phylogenetics of Culicidae included eleven unique primers (Sallum et al. 2002 (Sallum et al. , 2007 Pradeep Kumar et al. 2007 ). Otranto et al. (2003) developed two COI primers in their study of Oestridae. Dallas et al. (2003) developed improved versions of two COI primers as part of their study of Ceratopogonidae. Lehr et al. (2005) included three unique primers in their study of cryptic species of Anopheles (Culicidae). Analyses of species of Drosophilidae (Lewis et al. 2005 , Oliveira et al. 2005 , Wang et al. 2006 , He et al. 2009 ) have included ten unique primers. Two primers were designed based on published gene sequences of several species of Bactrocera (Tephritidae) (Shi et al. 2005 ). Ekrem (2006) designed two primers using sequences of Chironomidae. A phylogenetic study of Dolichopodidae (Bernasconi et al. 2007 ) included three COI primers. A study of tsetse ßies (Glossinidae) yielded one unique COI primer (Dyer et al. 2008) . As part of study on universal DNA minibarcodes, Meusnier et al. (2008) developed two new primers. Two more primers were developed as part of research on the systematics of Sarcophagidae (Song et al. 2008) . Virgilio et al. (2009) developed two COI primers designed to be speciÞc to the genus Dacus (Tephritidae). Another study of Tephritidae (Sayar et al. 2009 ) included two unique primers. Also working with Tephritidae, Van Houdt et al. (2010) developed seven unique primers to facilitate DNA barcoding of museum specimens. A phylogenetic study of Clusiidae (Lonsdale et al. 2010 ) included eight additional COI primers. Wahlberg (2010) and the members of the Nymphalidae Systematics Group published two unique primers for Nymphalidae online that have been successfully used for Diptera.
In addition, many studies have developed speciesspeciÞc COI primers for use in population genetics and identiÞcation studies. We list them here but do not include them in our primer table or map. SpeciesspeciÞc COI primers exist for species in: Chrysomya, Lucilia, and Hemipyrellia (Calliphoridae) , Saigusa et al. 2005 (Morlais and Severson 2002 , Van Bortel et al. 2002 , Hemmerter et al. 2007 , Pedro and Sallum 2009 ); Drosophila (Drosophilidae) (Spicer 1995 , Goto et al. 1999 , de Brito et al. 2002 The 3Ј location based on published D. melanogaster sequence (Shaw-Lee et al. 1991) . Direction F, forward; R, reverse. Sequences in bold are newly developed for this study. The 3Ј location based on published D. melanogaster sequence (Scott and Lucchesi 1991) . Direction F, forward; R, reverse. Sequences in bold are newly developed for this study.
Jaenike 2004, Nunes et al. 2008) ; Gasterophilus (Oestridae) (Pawlas-Opiera et al. 2010); Simulium and Prosimulium (Simuliidae) (Finn et al. 2006 , Gaudreau et al. 2010 ; Lydella and Pseudoperichaeta (Tachinidae) (Agustṍ et al. 2005) ; and Bactrocera (Tephritidae) (Yu et al. 2004) .
We have developed eight new primers for the COI gene region. The naming is based on the published mitochondrial genome of D. yakuba (Clary and Wolstenholme 1985) . In total, 141 primers are listed and mapped ( Fig. 3 ; Table 4 ). The entire length of the gene region (Ϸ1540 bp) can be sequenced using listed primers. There are no known introns within the COI gene region.
28S. The Þrst published 28S primers speciÞc to Diptera (Hillis and Dixon 1991) were those based on the published genome of D. melanogaster . Nine primers were included with little difference in primer sequence across Eukaryote taxa. These primers were also published with reverse-complement primers given separate names. They are not included separately on our map or table. Four primers, designed especially to amplify the D2 and D10 expansion segments of 28S were designed for species of Drosophila (Drosophilidae) (Ruiz Linares et al. 1991) . Two primers were designed to amplify the D2 expansion segment of species of Anopheles (Culicidae) (Porter and Collins 1996) . Eight unique primers were designed to amplify the D4 ÐD7 region of 28S for Culicomorpha (Pawlowski et al. 1996) . Seven primers were designed to amplify the D1 and D7 expansion segments across Diptera (Friedrich and Tautz 1997) . The 3Ј location based on published Drosophila melanogaster sequence (OÕHare et al. 1984) . Direction F, forward; R, reverse. Sequences in bold are newly developed for this study. The 3Ј location based on published D. melanogaster sequence (Rijeswijk et al. 1987) . Direction F, forward; R, reverse. Sequences in bold are newly developed for this study.
A study of the phylogenetic relationships within Simuliidae yielded nine new 28S primers (Moulton 2000) . Four new primers were designed to sequence representatives of Tachinidae (Stireman 2002, Tachi and Shima 2010) . Five primers were designed to amplify the D4 ÐD7b region for Tephritoidea (Han et al. 2002) . In a comparison of rates of molecular evolution between parasitic Diptera and parasitic Hymenoptera, including representatives of 14 dipteran families, Castro et al. (2002) developed two 28S primers. Nineteen primers, designed for use in Diptera, were developed as a part of a series of studies of the relationships of Therevidae, Tabanomorpha, "lower Diptera," and Clusiidae , Yang et al. 2000 , Bertone et al. 2008 , Lonsdale et al. 2010 . Both forward and reverse-complement versions were developed for most of these new primers, and only the unique primer sequences are included in our table and map.
We have developed a further 20 new primers for the 28S gene region. The numbers in the names are based on matching 3Ј positions compared with the published ribosomal RNA sequence for D. melanogaster . In total, 89 primers are listed and mapped ( Fig. 4 ; Table 5 ). Although 3Ј location numbers of a pair of primers can provide a rough guide to the length of the segment being ampliÞed, variation in expansion segment length, especially D2, D8, and D10, can lead to large ßuctuations in ampliÞed sequence length between taxa. These primers can be used in combination to sequence nearly the entire gene, including all expansion segments (Ϸ3945 bp for D. melanogaster).
AATS. This gene region has only recently been developed for use in dipteran phylogenetics. The compilation of Regier (2008) of nuclear gene region primer sequences for use across Arthropoda includes three AATS primers. Four unique primers are included in a phylogenetic analysis of Sepsidae (Feng-Yi Su et al. 2008) . Although none of the primers listed in this paper are attributed to a source, these primers were developed for use in the FLYTREE Assembling the Tree of Life project (Wiegmann et al. 2011) . These primers also were used in studies of Asilidae (Dikow 2009 ) and Schizophora (Gibson et al. 2010b) .
We have developed eight new primers for the AATS gene region. The naming is based on the published genome of D. melanogaster (Adams et al. 2000) . In total, 15 Table 2 . Primers in bold are newly designed for this study and have had their name abbreviated from "12S-Dipt-xxxxxR." Map is not to scale. Table 3 . Primers in bold are newly designed for this study and have had their name abbreviated from "Cytb-Dipt-xxxxxF/R." Map is not to scale.
primers are listed and mapped ( Fig. 5; Table 6 ). A large portion of the gene region (Ϸ1200 bp) can be sequenced using listed primers. There are no known introns within the alanyl-tRNA synthetase gene region.
CAD. In their analysis of the phylogenetic relationships within Eremoneura, Moulton and Wiegmann (2004) developed eighteen CAD primers and used them to amplify and sequence representatives of 18 families of Diptera. Five more unique primers were added in a pair of studies on the phylogenetics of Agromyzidae (Scheffer et al. 2007 , Winkler et al. 2009 ). Regier (2008) added 14 additional primers, designed to be useful across Arthropoda. Two more CAD primers were developed as a part of a study involving species of Ceratitis (Tephritidae) (Barr and Wiegmann 2009 ). Four more CAD primers were developed as a part of research on the systematics of Clusiidae (Lonsdale et al. 2010) .
We have developed 25 novel primers using our current data set. Naming of the new primers is based on the published CAD sequence for D. melanogaster (Freund and Jarry 1987) . In total, 64 primers are listed and mapped ( Fig. 6; Table 7 ). Using the given primers, the entire carbomoylphosphate synthase domain of CAD (Ϸ4000 bp for D. melanogaster) can be sequenced including a number of taxon-speciÞc introns. Table 4 . Primers in bold are newly designed for this study and have had their name abbreviated from "COI-Dipt-xxxxF/R." Map is not to scale. Table 5 . Primers in bold are newly designed for this study and have had their name abbreviated from "28S-Dipt-xxxxF/R." Symbols D1ÐD12 denote expansion segments as identiÞed and labeled in . Map is not to scale.
EF-1␣.
Although developed as a part of a study on the phylogenetics of heliothine moths, Cho et al. (1995) designed ten EF-1␣ primers using published sequences, including Drosophila. These primers have been used in many subsequent Diptera phylogenetic papers (Baker et al. 2001 , Gibson et al. 2010b ). Palumbi (1996) added three unique primers in his book chapter on PCR primers of use across Animalia. A study of the phylogenetic relationships within Simuliidae (Moulton 2000) included seven EF-1␣ primers. Research into the systematics of Psychodidae (Esseghir et al. 2000) included two unique primers. In their study of higher level phylogenetics of Therevidae, Yang et al. (2000) included six new EF-1␣ primers. Four primers were developed as part of a study of the molecular systematics of Diopsidae (Baker et al. 2001) . Stireman (2002) developed two unique primers as part of his study of Tachinidae. Collins and Wiegmann (2002) included a modiÞcation of an existing primer in their analysis of relationships within Empidoidea. Regier, in the online guide to primer development (Regier 2008) , included 10 unique, and quite degenerate, EF-1␣ primers, designed to be useful across Arthropoda.
We add eight new EF-1␣ primers based on our data set. Naming of the new primers is based on the published EF-1␣ sequence for D. melanogaster (Hovemann et al. 1988 ). In total, 53 primers are listed and mapped ( Fig. 7; Table 8 ). Using these primers, almost the entire coding region of EF-1␣ (Ϸ1200 bp) can be ampliÞed and sequenced.
PGD. The Þrst PGD primers for Diptera were those developed by Scott et al. (1993) as part of an attempt to map the gene region within C. capitata (Tephritidae). Two primers were designed to amplify intron II of PGD in Drosophila (Drosophilidae) (Brisson et al. 2004) . In his large compendium of primer sequences, Regier (2008) includes two unique primers useful for amplifying PGD across Arthropoda. Two additional primers were developed for a phylogenetic study of Agromyzidae (Winkler et al. 2009 ).
To these existing primers, we add two new primers. The names are assigned according to the nucleotide numbering system of the PGD gene region of D. melanogaster (Scott and Lucchesi 1991) . In total, 10 primers are listed and mapped ( Fig. 8; Table 9 ). These primers can be used to amplify most of exon II, all of intron II, and nearly all of exon III of the PGD gene region (Ϸ2600 bp).
TPI. The Þrst TPI primers developed for use in Diptera were two developed as part of a study of the gene region within species of Culex (Culicidae) (Tittiger et al. 1993) . A study of intron development in TPI among representatives of Tabanidae, Culicidae, and Heliothis moths included three unique primers (Tyshenko and Walker 1997) . A phylogenetic analysis of "lower Diptera" included three more primers (Bertone et al. 2008 ). The online 6 . Map of the CAD gene region locating all unique PCR ampliÞcation primers designed using Diptera exemplars. Primers above are in the forward direction; primers below are in the reverse direction. Original references and oligonucleotide sequences for each primer are given in Table 7 . Primers in bold are newly designed for this study and have had their name abbreviated from "CAD-Dipt-xxxxF/R." Map is not to scale. 5 . Map of the AATS gene region locating all unique PCR ampliÞcation primers designed using Diptera exemplars. Primers above are in the forward direction; primers below are in the reverse direction. Original references and oligonucleotide sequences for each primer are given in Table 6 . Primers in bold are newly designed for this study and have had their name abbreviated from "AATS-Dipt-xxxxF/R." Map is not to scale. compendium of primers for nuclear genes includes two TPI primers (Regier 2008) . It should be noted that all of the existing primers represent variations on a single forward location and two reverse locations within the TPI gene region.
We have developed Þve new primers for the TPI gene region, including two new internal sites. The naming is based on the published TPI gene map of D. melanogaster (Shaw-Lee et al. 1991) . In total, 15 primers are listed and mapped ( Fig. 9; Table 10 ). Using the existing primers, the entire length of the gene region (Ϸ759 bp) can be sequenced, including intron locations identiÞed for Drosophila (Drosophilidae) (Shaw-Lee et al. 1991) and Culex (Culicidae) (Whyard et al. 1994, Tyshenko and Walker 1997) .
White. A study of relationships among species of Culicidae included two unique white primers (Besansky and Fahey 1997) . A multigene study of relationships among species of Diopsidae included two additional white primers (Baker et al. 2001) . In their research on the molecular phylogeny of Tachinidae, Tachi and Shima (2010) added three more primers.
We have developed four new white primers. They are named using a modiÞcation of the D. melanogaster chromosome numbering system (OÕHare et al. 1984 ).
In the original reference, the gene is numbered from ϩ11050 through 0 to Ϫ3050. For ease of use, these numbers have been converted to 1Ð14100. In total, 11 primers are listed and mapped ( Fig. 10 ; Table 11 ). Primers exist to amplify nearly all of exon III, and all of intron III, exon IV, intron IV, exon V, and intron V (Ϸ1500 bp for D. melanogaster). Care should be taken because the presence, size, and location of introns within the white gene region vary greatly across Diptera (Gomulski et al. 2001) .
Wingless. Although the wingless gene region has been found to be highly conserved across Brachycera (Mellenthin et al. 2006) , it belongs to the Wnt family of genes. As many as seven homologs of the wingless gene region have been discovered to date in D. melanogaster (Sidow 1992 , Mellenthin et al. 2006 . The homologs seem to be highly conserved such that multiple copies can be ampliÞed using the same primer pairs, leading to an inability to establish homology between DNA sequences of different taxa (Gibson et al. 2010b) .
The Þrst wingless primers designed speciÞcally for use in Diptera were those developed as part of a study of Hawaiian Drosophilidae (Baker and DeSalle 1997) . Seven unique primers were developed speciÞcally for 8 . Map of the PGD gene region locating all unique PCR ampliÞcation primers designed using Diptera exemplars. Primers above are in the forward direction; primers below are in the reverse direction. Original references and oligonucleotide sequences for each primer are given in Table 9 . Primers in bold are newly designed for this study and have had their name abbreviated from "PGD-Dipt-xxxxF/R." Map is not to scale. Fig. 7 . Map of the EF-1␣ gene region locating all unique PCR ampliÞcation primers designed using Diptera exemplars. Primers above are in the forward direction; primers below are in the reverse direction. Original references and oligonucleotide sequences for each primer are given in Table 8 . Primers in bold are newly designed for this study and have had their name abbreviated from "EF1a-Dipt-xxxxxF/R." Map is not to scale. use in Diopsidae by Baker et al. (2001) . Also working within Diopsidae, two additional wingless primers were developed by Fö ldvári et al. (2007) . Although not designed as a part of phylogenetic studies of Diptera, wingless primers designed for use in Nymphalidae (Lepidoptera) (Brower and DeSalle 1998) and Vespoidea (Hymenoptera) (Pilgrim et al. 2008 ) have been used extensively in dipteran phylogenetic studies (Kotrba and Balke 2006 , Kronforst et al. 2007 , Gibson et al. 2010b .
We have developed seven new primers for the wingless gene region. Two of these primers were designed to be most useful for specimens of Micropezidae. The naming is based on the published genome of D. melanogaster (Rijsewijk et al. 1987) . In total, 24 primers are listed and mapped ( Fig. 11; Table 12) . A large portion of the gene region can be sequenced using these primers (Ϸ650 bp for D. melanogaster).
In conclusion, in reviewing past literature, we noticed many instances in which the original references for the primers being used in a study were not easily determined. In some cases, this led to "novel" primers being proposed that had, in fact, been published previously. These instances lead to many problems, not least of which is confusion as to the name of a given primer. We also noted that in some cases, a primerÕs location within the gene region or even the direction of the primer was not included in a publication. These situations lead to difÞculty in determining the potential usefulness of a primer in combination with other published primers.
We attempt to improve the present situation with this study. We record 399 previously published unique primers for 11 different gene regions. To this we add 94 primers newly designed as part of this study. We have designed our new primers to be an exact match across all brachyceran families included, yet still with a minimum of degeneracy. Generally, we also have targeted primer locations that will allow all gene regions to be sequenced in as small as 500-bp segments. It should be noted as well that a reverse-complement version of any of our primers could be used as a primer in the same location in the opposite direction. We feel that because our new primers have been designed to match exactly across Brachycera, they should be the Þrst choice for anyone attempting to sequence these gene regions for any brachyceran specimen.
We have attempted to make all existing and new primers as user-friendly as possible through the use of detailed primer tables, gene maps, and a descriptive wh-S1
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wh-R WZ2E wh-A1 Fig. 10 . Map of the white gene region locating all unique PCR ampliÞcation primers designed using Diptera exemplars. Primers above are in the forward direction; primers below are in the reverse direction. Original references and oligonucleotide sequences for each primer are given in Table 11 . Primers in bold are newly designed for this study and have had their name abbreviated from "white-Dipt-xxxxxF/R." Map is not to scale. Fig. 9 . Map of the TPI gene region locating all unique PCR ampliÞcation primers designed using Diptera exemplars. Primers above are in the forward direction; primers below are in the reverse direction. Original references and oligonucleotide sequences for each primer are given in Table 10 . Primers in bold are newly designed for this study and have had their name abbreviated from "TPI-Dipt-xxxxF/R." Map is not to scale.
naming system for new primers. With this information, anyone attempting to begin or continue a molecular phylogenetic project with dipteran specimens will have a large number of choices of both gene regions and PCR ampliÞcation primers. Although our research has been speciÞcally focused on dipteran taxa, we believe that a similar approach could be taken in any other target group of organisms. The cataloguing, mapping, and proper naming of all existing and newly developed PCR ampliÞcation primers can only expedite the generation of DNA sequence data for use in phylogenetic study. Fig. 11 . Map of the wingless gene region locating all unique PCR ampliÞcation primers designed using Diptera exemplars. Primers above are in the forward direction; primers below are in the reverse direction. Original references and oligonucleotide sequences for each primer are given in Table 12 . Primers in bold are newly designed for this study and have had their name abbreviated from "Wing-Dipt-xxxxF/R." Map is not to scale.
